Abstract. Cytogenetic and molecular studies have identified imbalanced chromosomal regions leading to the characterization of several candidate genes. Differences in gene expression were examined in the blood by whole genome microarray analysis among individuals with double or single primary malignancies and healthy individuals. Twenty-four individuals with at least two primary malignancies of the breast and/or colon and/or ovary were compared with 32 individuals with single breast, colon or ovarian cancer. The single malignancy group had a median duration of disease of 9 years (range 5-23 years). Validation was obtained by examining each patient separately with quantitative real-time reverse-transcriptase polymerase chain reaction (RT-PCR) analysis for the determined genes. Overall a large number of genes were determined to be deregulated. From the classifiers built, a 9-probe signature was determined between second primary and single tumor patients. Four other genes were determined to be repressed (p<1x10 -4 ) in individuals with two primary malignancies when compared with individuals with a single malignancy and also when comparing single malignancies and healthy subjects. The levels of gene deregulation were confirmed by validation with quantitative RT-PCR analysis. Functional analysis, suggested that these genes are associated with protein biosynthesis and folding, inhibition of apoptosis and intracellular signalling via GTP cascade. The outcome of the present study was 13 genes had a statistically significant difference in expression between individuals with double primary malignancies compared to individuals with single primary malignancies. Nine of those were confirmed by the classifier analysis.
Introduction
Multiple primary malignancies are defined by two or more malignant tumors which have a different primary site and often a different histology. It appears that the incidence of two or more primary malignancies has been increasing over the last decades (1) . This increased incidence might be attributed to the improvement of diagnostic tools, treatment modalities and the prolongation of survival time of patients with first primary tumors (2, 3) . During recent years, many carcinogens directly or indirectly related to cancer have been identified. The great majority of these carcinogens are environmental but genetic defects have also been involved (4) . Of breast and colorectal cancers, ~10% are considered to be hereditary (5) . An established example is the BRCA1 and BRCA2 genes which are the major causes of hereditary breast cancer mainly and also of ovarian cancer. The genetic defect in the majority of familial and hereditary breast cancers has not been clarified (2, 6) . Familial adenomatous polyposis due to mutations in adenomatous polyposis coli (APC) and hereditary nonpolyposis colorectal cancer (HNPCC) syndrome caused by mutations in the mismatch-repair genes MLH1, MSH2, MSH6 and PMS2, are the underlying causes of hereditary colorectal cancer in many families (5) . The genetic defects have not yet been clarified with regard to most families whose members are at an older age at the onset of hereditary colorectal cancer (7, 8) . The mutation of CHEK2 400 delC has been associated with a 2-fold increased risk of breast cancer (9) . A subtype of familial breast cancer and colorectal cancer has been identified (10) . CHEK2 400 delC was determined at a frequency of 21% in families with the hereditary breast and colorectal cancer phenotype (11) . An investigation of CHEK2 400 delC in Swedish women with double primary breast and colorectal cancers suggested that development of these two tumor types was not sufficient to recommend the mutation analysis of CHEK2 as it was found to occur at a low frequency (5) . Research in identifying genes related to breast cancer development has rendered some data. It was shown that chromosomal imbalances correlate with altered gene expression (12) . Cytogenetic and molecular studies have identified imbalanced chromosomal regions leading to the characterization of several candidate genes, such as MYC at 8q10, CCND1, EMS1, PRAD1 at 4q9 and many others (13) (14) (15) (16) (17) (18) . Genomic imbalances were found by matrixcomparative genomic hybridization (CGH) of 22 cases of advanced breast cancer. With 51 amplicons, genome database information defined 42 candidate genes, some of which were overexpressed; these data are correlated with advanced stage breast cancer (19) . The early detection of breast cancer was attempted by gene expression in peripheral blood in a study which identified 32 genes that correctly predicted the diagnostic class in at least 82% of the samples (20) .
Multiple primary malignancies have been shown to have a certain gene expression. The synchronous appearance of endometrial and ovarian cancer is seen in significantly younger women than in women with either primary endometrial or ovarian cancer alone (21) (22) (23) . This detection led to the hypothesis that a specific germ-line genetic predisposition or a sporadic gene target may play a role in a small group of patients in this category.
Based on data suggesting that certain genetic factors predispose to cancer as well as to second primary tumor development, the present study investigated the gene expression profiles of patients with one primary tumor versus patients with two primary tumors. RNA samples from the blood of patients with double tumors, single tumors and from healthy control subjects were studied by gene expression analysis using the whole genome microarray platform AB500 from Applied Biosystems. Gene expression profiles were derived from the microarray normalized raw data by biostatistical and classification analysis.
Materials and methods
Patients. Peripheral blood was collected from 56 patients with cancer and 10 healthy individuals. All of the individuals participating in the study were age-matched. Our study group consisted of 10 patients with two primary tumors (group AB) mostly (>90%) within a 5-year time period. Fourteen of these individuals (group A) presented with a combination of breast and/or colon and/or ovarian cancers, whereas the remaining 10 (group B), presented with a first primary tumor similar to group A, i.e. breast or colon or ovarian cancer, and a second primary tumor that was located elsewhere (Table I ). The 4 control groups used in this study consisted of 10 patients with colon cancer (group C), 13 with breast cancer (group D), 9 with ovarian cancer (group E) and 10 healthy individuals (group N); AB, all double cancers; CDE, all single cancers; N, healthy controls (Table I ). All patients with single malignancies had 9 years of median duration of disease (range, 5-23 years). Informed consent was obtained from all study participants.
Sample preparation RNA collection. RNA was obtained by peripheral blood from patients and healthy individuals by using the PAXgene Blood RNA system (Qiagen) according to the manufacturer's instructions. In order to avoid epithelial cell contamination of our samples, the first 5 ml of blood in each case after vein puncture, was discarded.
RNA concentration and purity were determined on the NanoDrop ND-1000 spectral photometer (peqlab), whereas RNA integrity was determined by capillary electrophoresis of total RNA samples, using the 2100 Bioanalyzer (Agilent Technologies).
Preparation of labelled cRNA. Total RNA (950 ng) was introduced into an RT-IVT reaction. The RNA was reversetranscribed into ds-cDNA and then converted into labelled cRNA by in vitro transcription (Nano-Amp RT-IVT Labeling Kit, Applied Biosystems) using digoxigenin-conjugated UTP nucleotides (Roche Diagnostics).
Microarray measurement. Digoxigenin-labeled cRNA (10 μg) samples were fragmented and hybridized for 16 h to Human Genome Survey Microarrays V2.0 (Applied Biosystems) at a temperature of 55˚C. After several washings, steps of increasing stringency, an anti-digoxigenin-antibody conjugated to alkaline phosphatase (Roche Diagnostics) was added. Substrate was applied and chemiluminescence and fluorescence signals were detected on an AB500 microarray reader. Reagents from the Chemiluminescence Detection Kit (Applied Biosystems) were used in this procedure. Human Genome Survey Microarrays V2.0 feature numerous control probes and 3,698 target gene-specific 60-mer probes detecting >19,000 different genes.
Bioinformatics data analysis. The number of cases selected for each group of individuals was considered adequate to draw statistical conclusions with microarray analysis (24) .
Software for bioinformatics data analysis. The software platform R (Version 2.4.0) and the Bioconductor packages ABarray (25) and Limma (26) as well as the software Spotfire Decision Site for Functional Genomics 9.0 were used for biostatistical data analysis and visualization.
Normalization. Normalization compensates for varying global signal intensities of the microarrays and adjusts them to a Table I . Types of tumors in patients with double primary malignancies and single primary malignancies. 
All CDE category patients had at least a 5-year follow-up prior to examination. Of the AB cases, 70-83% presented with a second primary tumor within a 5-year period. * AB, group A which includes 2 of the following malignancies, breast, ovarian, colorectal as primary and second primary tumors and group B, which includes one of the aforementioned tumors and tumors of a different kind.
uniform level, thus making the individual microarrays comparable for downstream analysis. Quantile normalization was applied to the data set (27) .
Averaging and fold-change calculation. The quantile normalized, log2 transformed data were averaged within the subgroups A, B, C, D, E and N. The quantile normalized, log2 transformed data were also averaged within the category 'double cancer' (group AB), and within the category 'single cancer' (group CDE). The extent and direction of differential expression between the groups are presented in a fold-change value on the log scale (see Statistical significance below).
Correlation analysis. The similarity of global gene expression profiles of the different patient blood samples was assessed by correlation analysis. For this purpose, MA plots were generated from the quantile normalized data.
Statistical evaluation. By applying functions from the bioconductor package, Limma, linear models were fitted to the data to fully model the systematic part of the data.
To analyze the comparisons of interest, design matrices were created which assign the samples to subgroups A through N and to categories AB, CDE and N. A linear model was then fitted for every gene and contrast matrices were generated to extract statistical parameters for the different comparisons. All possible comparisons among participating groups in this study were determined.
The contrasts were extracted after fitting the linear model and were tested for statistical significance using an ANOVAlike test (moderated F-Test, empirical Bayes method) (28) .
To correct for multiple testing, the FDR-based method was applied (29) . The p-value adjusted for multiple testing is usually several orders of magnitude higher than the unadjusted p-value.
To allow for identification of 'significant' comparison(s), a decision matrix was created. This matrix includes all comparisons within the contrast matrix and is filled with values 0, 1 and -1. Value 1 indicates that the respective comparison achieves statistical significance in the sense of upregulation, and value -1 indicates significant downregulation. Value 0 specifies a non-significant result of the test.
To identify genes with a robust differential expression among the comparator groups, several parameters were taken into account.
Robust detection.
A probe was only considered if it was detectable [signal/noise (S/N) ≥3] in at least two thirds (66.9%) of the samples of at least one comparator group. Furthermore, a probe was excluded if its signal value was flagged (flag value ≥852) in one third or more of the samples of at least one comparator group.
Annotation/biological relevance. A probe was only considered if its sequence was annotated as 'current' in the latest annotation file (Gene Expression Omnibus GSE925). All sequences annotated as 'pseudogenes' or 'obsolete' were discarded.
Statistical significance.
A probe was only classified as induced in a specific comparison if the adjusted p-value was <0.1 and its decision matrix cell contained the value 1. Conversely, a probe was classified as repressed if the adjusted p-value was <0.1 and the decision matrix cell contained a value of -1.
No fold change criterion was used for filtering, i.e. even genes with a very small, but still reproducible and thus significant differential expression, were retrieved. This relatively low stringency was applied to allow for identification of as many deregulated genes as possible, including those with a weak significance. Nevertheless, more stringent criteria were also applied in each subsequent comparison and genes that presented a highly statistically significant value (<1x10 -4 ) were selected.
Hierarchical clustering. Hierarchical clustering of a set of pre-selected genes, based on statistical significance, was performed (supervised clustering) with the purpose of visualizing differential expression between samples. The quantile normalized, log transformed signal values were used as the basis for hierarchical clustering, and the clustering method 'complete linkage' was applied within the software Spotfire Decision Site for Functional Genomics 9.0. The identification of differentially regulated processes and pathways for all of the genes obtained as well as the enrichment of biological classes and pathways in comparison to the whole genome was carried out (http://www.pantherdb.org).
As a matter of principle, the percentage distributions shown in the pie charts (data not shown) do not indicate if a certain biological process, molecular function or pathway is in fact overrepresented or if they just reflect the average percentage of the respective class in the human genome. To elucidate this question, the induced gene IDs were compared to all gene IDs represented on the Human AB500 Microarray V2.0; (http://www.pantherdb.org/>Tools>Gene Express Data Analysis>Compare gene lists) and we calculated whether a specific class was overrepresented when compared to the distribution of all genes on the microarray. A p-value is given for the significance of this enrichment, based on the binomial test (30) . From our experience, p-values ~10 -6 , are regarded as a sign of manifest enrichment in the context of a Panther analysis for biological processes and molecular functions. For Panther Pathway enrichment analysis, we found that the threshold can be slightly increased to p-values ~10 -6 .
Classification analysis. Classification analysis was performed using the support vector machine (SVM) paradigm (31) . We performed SVM on the highest quality subset of probes measured in the Human Genome Survey Microarray V2.0. This subset was determined as those probes that had an S/N ratio of ≥3 and a flag value of ≥852, for all samples tested. This quality filter was passed by a total of 4,121 probes. The quantile-normalized expression levels of these probes were then standardized using the function scale within R 2.5.1., resulting in a set of 4,121 variables of which all had a mean of 0 and a standard deviation of 1, thus giving each probe an equal chance to enter as a factor into a classifier. To build the classifiers for the various combinations of outcomes compared, the following procedure was chosen: i) application of an ANOVA analysis on the standardized quantile normalized probe expression levels and sorting the probes by p-values from the analysis, ii) from the subset of the 300 probes with the lowest p-values, choice of a further subset by means of a reversible direction Monte-Carlo (32) adding, sampling and reduction method developed especially for this study, iii) quality of classifiers was judged by the cross-validation error, which was aimed to be minimized. The number of cross-validations for each step was set to half the effective sample size, i.e. the number of samples with class designations being part of the combination of the outcome investigated. At this point it should be noted that the accuracy of prediction in the total set of data was 100% in all cases (i.e. the training error was 0 in all cases).
The relative importance of a probe was calculated as follows. First, the cross-validation error for the total classifier was recorded, then in turn, each of the probes was left out of the classifier. For each of these reduced classifiers, the crossvalidation error, which was expected and indeed found to be increased in every case, was recorded. The cross-validation errors of the reduced classifiers were then normalized such that the probe with the largest increase in cross-validation error was assigned a relative importance of 1.00 with all the other probes having increasingly lower importance slowly approaching 0 for the least important variables. This normalization was done by dividing each of the probe-specific increases in error by the maximum increase in error. These normalized values are designated as relative importance.
Out of a total of 65 classifiers that were built, the three most important denominated by the diagnostic categories used in their building, are presented here. These are, AB vs CDE; AB vs N; CDE vs N.
Validation analysis. The levels of expression of the genes determined by the classification analysis of groups AB vs CDE, AB vs N, CDE vs N, together with the genes that yield a high statistical significance after the comparisons of AB vs CDE were validated by quantitative real-time RT-PCR analysis.
Reverse transcription (RT).
The High-Capacity cDNA Reverse Transcription Kit (Applied Biosystems) was used for reverse transcription of total RNA into single stranded cDNA with the aid of random hexamer primers according to the manufacturer's instructions. Total RNA (2 μg) was introduced into the reaction. Two separate RT reactions were carried out for each sample to generate enough cDNA for the analysis of all 20 assays.
Quantitative real-time PCR. Diluted cDNA templates (1.5 μl of 1:1) were analyzed in each real-time PCR reaction in a total reaction volume of 20 μl. TaqMan ® Gene Expression Master Mix (Applied Biosystems) and the TaqMan ® assays were used for real-time PCR amplification (note, for realtime PCR, the TaqMan assays were employed separately and not in a pool, and their final concentration in the reaction was 1x).
The amplifications were run in 284-well format on an AB9900HT instrument (Applied Biosystems). The software SDS 2.2 was used for instrument control, data acquisition and primary analysis. The plates were run in the format Relative Quantification (ΔΔCt), and the following temperature profile was used: 50˚C/2 min, 95˚C/10 min, (95˚C/0:3 min, 60˚C/1 min) 40 cycles PCR cycle number was set to 40, and all PCR reactions were run in triplicate. To control for cross-contamination and to rule out non-specific amplification and detection, no template controls ('NTC', H 2 O instead of cDNA) were included on every microplate and for each TaqMan assay. The relative expression levels were determined in each case in relation to two housekeeping genes the ß-actin (ACTB) and the glycerinaldehyde-3 phosphate dehydrogenase (GAPDH). Table II . Results of the pair-wise comparison among cancer groups and healthy individuals. 
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Results
Microarray raw data. Raw and normalized microarray data are included in Gene Expression Omnibus GSE925.
MA plots. The similarity of the expression profiles of samples within each subgroup was analyzed by creating MA plots and determining the Pearson's correlation coefficient r (data not shown). 
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Thorough examination of the MA plots of subgroup B revealed that sample P14 (patient's individual number) deviates rather strongly from the other samples in the same subgroup and is considered as an outlier. Sample 14 was therefore excluded from further analysis. In-depth analysis of the MA plots of subgroup D revealed that samples P32 and P54 show a relatively strong deviation from the other samples in the same subgroup and are considered as outliers. Both samples were therefore excluded from further analysis.
Sample N92 (patient's individual number) was identified as an outlier and was excluded from further analysis. After exclusion of the four outlier samples described above, all data were re-normalized and the complete statistical analysis was based on the new data set comprising 62 samples.
Differential gene expression.
The results of the pair-wise comparisons presented in the majority shows a vast number of deregulated probes (Table II) . The probes that presented the greatest deviation are examined here. The comparison of groups A and B presented a fairly small deviation which in the Panther analysis did not yield a statistically significant difference regarding gene up-and downregulation and the functional analyses.
Probe selection using the adjusted p-value threshold <0.1, yielded a large number of probes in every comparison. By increasing the stringency of the selection to p<1x10 -4 , four probes were determined to be repressed by comparing the individuals of group AB and CDE (data not shown); these probes corresponded to the following genes: a) HCG2040681 (unknown), b) HNRPC, c) SET and d) HSPE1. None of the induced probes for the same comparison fulfilled the high stringency selection criteria.
The genes induced in each pair-wise comparison were then subjected to functional analysis. Their participation in biological processes, their molecular functions and their role in signalling or metabolic pathways were assessed based on their annotations in the Panther classification system (Table III ). An analogous approach was used for all other pair-wise comparisons in this report. The HeatMap obtained by our study is shown in Figs. 1 and 2 . Results of classification analysis. The number of factors varied from 2 to 9 which is comparatively low, resulting in a fairly efficient classification process. The training accuracy was 100% in every case and the cross validation accuracy was 100% in most of the cases. The corresponding genes and their functional characteristics were determined. The probes being part of the classifier were ranked by their relative importance for each of the classifiers (results not presented). The probes obtained in each classifier, including the details of the corresponding genes, are shown analytically in Table IV . Table IV . Probe classifier analysis. ----------------------------------------------------------------------------------------------------- A, Individuals with two primary tumors (AB) vs individuals with one primary tumor (CDE) 
B, Individuals with two primary tumors (AB) vs healthy individuals (
N) ----------------------------------------------------------------------------------------------------- Probe Primary Relative P-value Gene symbol Gene name Cytoband gene ID importance -----------------------------------------------------------------------------------------------------1 -----------------------------------------------------------------------------------------------------
C, Individuals with one primary tumor (CDE) vs healthy individuals (
The deregulation levels after the comparison of groups AB vs CDE, of the 9 genes determined by the classification analysis (Table IVa) , as well as that of the four genes whose expression difference presented p<1x10 -4 , were validated by quantitative RT-PCR. It was found that all 9 genes determined by classification analysis presented a similar direction of deregulation (overexpression or downregulation) with the one determined by the microarray analysis and of similar magnitude. This was not the case for the four genes, in which case although the two groups presented differences amongst them, the direction of deregulation was not the same and with the exception of the SET gene, the others presented an overexpression in the group CDE instead of downregulation.
Discussion
In the present study, the expression signatures of individuals with two primary tumors (group AB), including colon, breast and ovarian malignancy as one of the two primaries, were examined and compared with individuals with a single primary tumor, either breast, colon or ovarian (group CDE). Additionally, the individuals of group AB were also compared with each tumor category separately, colon (group C), breast (group D) and ovarian (group E), as well as to healthy individuals.
Microarray findings of the group of individuals with two primary carcinomas compared to the group of individuals with one primary carcinoma, led to the determination of a large number of deregulated genes.
We evaluated certain genes whose volume of deregulation may be of importance in the development of second primary tumors. The criterion of the latter selection was a linear expression value of <0.53 with respect to repression and >2.5 with respect to induction. The transcripts that presented the highest downregulation in group AB, when compared to group CDE, are FCRLM1, BLK and IHGD. These mostly correspond to immunologically relevant proteins and they seem to be associated with the proper functioning of B cells. The FCRLM1 (Fc receptor-like and mucin-like kinase) was found to be one of the most repressed genes in the AB group. This receptor has a fundamental role as an immunomodulatory agent in healthy and subverted B lineage cells and has been identified as being involved in malignancies (33) . BLK is a member of the SRC family of proto-oncogenes and on the basis of its preferential expression in B-lymphoid cells, it functions in a signal transductory pathway specific to this lineage and it has been considered as a candidate for carcinogenesis (34) . IHGD is the heavy chain of immunoglobulin D which is also localized on the surface of naïve B cells and it functions as an antigen receptor in apparent redundancy with IgM (35) .
Concerning the functional analysis of deregulated genes, three pathways were found to be deregulated in group AB when compared to group CDE. The first is the heme biosynthesis pathway. It has been suggested that the activation of the heme catabolic pathway has beneficiary effects on cancer prevention through the action of bilirubin, a by-product of heme catabolism (36) .
The ubiquitin proteosome pathway (UPP) was also downregulated. The oncogenes of several known malignancies (for example, colon cancer), encode for ubiquitin ligase components and alterations in the UPP may lead to cancer (37) . The third is the apoptosis signalling pathway (Table III) . In the comparison of group AB vs healthy individuals (N), by taking as a criterion the amount of linear expression of each statistically significant transcript, a 2.89-fold increase was observed in the transcripts of catenin, which is the major machinery for cell-cell adhesion in humans (38) . Additionally, for both groups AB and CDE, when compared to N, the highest mRNA induction observed was that of the Rap1-GAP and the transcripts of carbonic anhydrases I and VI. The former was identified as an inactivator of Rap1 activity, a putative endogenous antagonist of Ras proteins. Similarly to catenin, the Rap1-GAP, regulates integrinmediated and other cell adhesion processes (39) . The primary function of the latter, as was shown in animals, is to interconvert carbon dioxide and bicarbonate in order to maintain the acidbase balance in the blood and other tissues, and to help transport carbon dioxide out of tissues (40) . The fact that catenin is overexpressed in patients with 2 primary malignant tumors in comparison to healthy individuals and to individuals with one malignant tumor, may indicate a lower potential for metastasis when compared to individuals with one primary malignancy.
The genes that presented the greatest repression when group CDE was compared to healthy individuals, but not in AB vs N were: a) Antisense oligonucleotides against STK1, the human homologue of FMS related tyrosine kinase 3 (Flt 3), inhibit hematopoietic colony formation suggesting that Flt 3 may function as a growth factor receptor in hematopoietic and progenitor cells and it has also been associated with childhood leukemia (41) and b) the splicing factor 3b, known to be localized in the nucleus and involved in RNA splicing, binds BMPR-IA and specifically inhibits BMP-mediated osteochondral cell differentiation and it was found to be involved in prostate and ovarian cancer (42) . Regarding the functional analysis of the repressed genes resulting from the comparison of individuals with two primary malignancies (group AB) and all of the individuals with one malignancy (group CDE) when compared to the group of healthy individuals (AB vs N, CDE vs N), it was determined that both cancer groups AB and CDE showed the UPP repressed in comparison to group N and that the AB patient group showed a repression in the Parkinson's disease pathway that was not observed in the CDE patient group and which has not previously been associated with cancer.
The classification analysis was performed in order to develop a useful prognostic tool that will allow us to determine healthy individuals or individuals with colon breast or ovarian cancer who are prone to developing a second primary tumor. Four out of the nine genes (COMMD1, Loc155630, c10orf1, hCG5010.4) are of unknown biological function and relation to cancer. The remaining five genes, MTRF1L, FLJ28663, have been related to protein biosynthesis and have not as yet been related with cancer development. STARD9 gene has been related to lipid and fatty acid transport and was found to be overexpressed in human trophoblast cells in choriocarcinoma (43) . BAG 3 gene was found to be involved with protein folding and it also has an established anti-apoptotic function in different tumor cell lines. The high levels of BAG3 protein seen in some epithelial cancer cell lines may be relevant to mechanisms of tumor invasion and metastasis. It was also suggested that BAG3 is involved in the cell cycle regulation (27, 45) . SNX26 belongs to a family of small GTPases (Rho GTPases) and although it is involved in intracellular signalling pathways and cell growth (46) , it has not yet been associated to cancer development. The results of the classification analysis, were confirmed with qRT-PCR validation.
Regarding the genes that presented p<1X10 -4 (groups AB vs CDE), the gene ID HCG2040681 represents a new, unclassified gene that, to our knowledge, is the first time it has been associated with cancer.
HNRPC, the eukaryotic CPN10 homolog is essential for mitochondrial protein biogenesis, together with CPN60. It binds to CPN60 in the presence of Mg-ATP and suppresses the ATPase activity of the latter and it has been shown to be upregulated in the case of breast cancer (47) .
SET (template activator factor-Iß) is a highly conserved nuclear phosphoprotein that is ubiquitously expressed (48) . SET has been suggested to regulate G2/M transition by modulating cyclin B-CDK1 activity (49) in addition SET is overexpressed in solid tumors of the breast, stomach, uterus and rectum (50) .
Heparanase HSPE 1 is a proangiogenetic growth factor that together with VEGF is considered to be involved in the metastatic biology of ovarian cancer (51) . These four genes are downregulated in the single cancer group compared to the normal individuals and they are further downregulated in the individuals with second primary cancer when compared to the individuals with single primary malignancies.
In conclusion, the outcome of the present study was 9 genes with a statistically significant difference in expression between individuals with double primary malignancies compared to individuals with single primary malignancies, detected by whole genome microarray analysis. Nine of those were confirmed by the classifier analysis. That was confirmed by quantitative RT-PCR validation. Regarding the biological function known, 8 out of these 13 genes are defining a direct or indirect relation to cancer development.
